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Introduction 
All cells have polarity that can be observed through a series of experiments. It is still 
unclear how this polarity occurs, but it is believed that motor proteins are involved. Movement of 
vesicles and organelles in the cell can be achieved using motor proteins. Organelle movement in 
the pollen tubes is crucial. Pollen tubes are excellent models of this polarity and the vesicle 
movement that occurs. Pollen tubes elongate within the pistil to transport sperm cells to the 
female gametophytes. The tube undergoes rapid growth at the tip. Tip growth is supported by an 
elaborate actin cytoskeleton and a membrane trafficking system (Cheung and Wu, 2008).   Small 
vesicles tend to accumulate in the apical region of growing pollen tubes while organelles such as 
Golgi and most endosomes and peroxisomes are only present in the subapical and shank regions 
(Figure 1A; (Cheung and Wu, 2008).  Pollen can also be germinated in vitro, and pollen tube 
growth can be examined with a microscope (Boavida and McCormick, 2007).   
 
A  B  
Figure 1:  A) Organelles are mainly observed in the subapical and shank regions while small vesicles accumulate in 
the apical flank and apex regions of the tube.  Image from (Cheung and Wu, 2008).  B) The reverse fountain effect 
in pollen tubes. Image from (Cai and Cresti, 2009). 
In Figure 1B, the “reverse fountain” of cytoplasmic streaming in pollen tubes is 
illustrated which means that the organelles moving towards the tip travel along the cell 
membrane while organelles moving away from the tip travel through the center of the tube 
(Heslop-Harrison and Heslop-Harrison, 1990).  In a previous article it was noted that 
cytoplasmic streaming is driven by organelle/vesicle movements which depend on the 
cytoskeleton (Heslop-Harrison and Heslop-Harrison, 1988).   
One interesting observation was that microtubule disrupting drugs do not inhibit pollen 
tube growth or organelle/vesicle transport (Heslop-Harrison and Heslop-Harrison, 1988); 
whereas, actin disrupting drugs do inhibit pollen tube growth and organelle/vesicle transport 
(Heslop-Harrison and Heslop-Harrison, 1989a).  This suggests that myosins are the main protein 
that perform organelle/vesicle transport in pollen tubes since mysoins move along actin filaments 
(Heslop-Harrison and Heslop-Harrison, 1989b).  Myosins are actin based motor proteins used in 
vesicle and organelle movement. Plants from green algae to flowering plants encode only two 
classes, myosin VIII and XI (Bezanilla et al,. 2003).Class XI myosins are the most likely 
candidate for moving organelles/vesicles in plants because myosin XI has a similar structure to 
myosin V (Kinkema and Schiefelbein, 1994) which is responsible for organelle transport in 
animals and fungi (Fehrenbacher et al., 2003). Similar domain structure of these myosins has 
been proven that binding to organelles may occur via the globular tail domain in both Class V 
and Class XI (Li and Nebenführ, 2007).  
There are thirteen myosin XI genes in Arabidopsis thaliana which suggests that there is 
some genetic redundancy (Prokhnevsky et al., 2008; Peremyslov et al., 2010).  The thirteen 
myosin XI genes are not expressed evenly throughout the plant.  Experiments have shown that 
XIA, XIB, XIC, XID, XIE, and XIJ are expressed in male reproductive tissue, i.e. pollen. If Class 
VIII and Class XI are compared, Arabidopsis encodes 13 myosin XI isoforms but only four 
myosin VIII isoforms, but rice encodes 12 myosin class XI isoforms and only two in class VIII. 
This difference in paralog number may specify the significance of the myosin XI family (Li and 
Nebenfuhr, 2008a). With this in mind, it could suggest that at least some of these six myosin XI 
isoforms have a significant role and are possibly responsible for organelle and vesicle transport 
in pollen tubes since they are the only ones found in pollen. 
Class XI myosins are motor proteins which hydrolyze ATP and travel along actin 
filaments in 35 nm steps (Tominaga et al., 2003).  Class XI myosins usually have four domains: 
motor, neck, coiled-coiled, and globular tail (Figure 2; Li and Nebenfuhr, 2008b), but myosin 
XIJ does not have a globular tail. The motor domain binds ATP and actin filaments (Kinkema 
and Schiefelbein, 1994; Tominaga et al., 2003).  The neck domain acts as a lever arm (Kinkema 
and Schiefelbein, 1994), and the coiled-coiled domain is used for dimerization (Li and 
Nebenfuhr, 2008a).  The globular tail domain is used to bind vesicles and organelles (Li and 
Nebenführ, 2007).  Since XIJ does not have a globular tail, it is unclear how it binds to vesicles 
and organelles. I hypothesize that myosin XIJ has a unique method of organelle/vesicle transport 
in pollen tubes since it is structurally different than the other myosin isoforms due to its lack of a 
globular tail. 
 
 
 
 
                   
A         B   
Figure 2: A) Class XI myosins usually have four domains: motor, neck, coiled-coiled, and globular tail. Image from 
(Li and Nebenfuhr, 2008b). B) Myosin XIJ does not have a globular tail. 
With this research, we are hoping to obtain an actual knockout for the xij gene. When an 
actual knockout is isolated, we can then observe the fertility, organelle movements, and pollen 
tube growth in this knockout. Also, we are making a full-length construct of XIJ that is fused 
with YFP so that it can be used to complement any phenotypes that are observed in the knockout. 
After these observations are completed, they can be compared to the wildtype data that has 
already been obtained so we can learn about the biological function of XIJ.  
Methods 
The Arabidopsis germination was achieved using the Murashige-Skoog (MS) medium. 
MS salts (2.15 g/L) and 1% sucrose were added, and the pH was brought to 6.0 using KOH. The 
medium was mixed with 0.2% Phytagel. The mixture was placed in autoclave for 20 minutes and 
subsequently cooled in water bath at 55°C. The mixture was poured into plates and allowed to 
solidify. The next step is surface seed sterilization and spreading of seeds. First, the seeds were 
frozen for 2 hours at -80°C. Then 30% bleach, 0.1X Triton X-100, and dH₂O were added. 1mL 
of mixture was added per tube and inverted for 5-10 minutes. It was rinsed 3 times with dH₂O. 
The dH₂O was pipetted out slowly then fresh water was reinjected to suspend seeds. Seeds and 
dH₂O were pipetted onto the plate, and pipetted off extra dH₂O leaving only the seeds. Used 
parafilm to seal the plates. Stratified for 2 days at 4°C and germinated at 22°C using long day 
conditions. Long day conditions included leaving the plates in the light for 16 hours and leaving 
them in the dark for 8 hours in one day.  
Polymerase Chain Reaction (PCR) was used frequently in cloning and studying XIJ. XIJ 
was amplified in two fragments from the cDNA from Arabidopsis flowers using the following 
primers: M11.J-F1: gcactagtatggctgaaaacataatggtgg, M11.J-R1: gagtctagagtatattgtctttg, M11.J-
F2: tatactctagactctttgattgg, and M11.J-R2: cgggatcctcaaaagtaatcttcgaagccc.  
Another method used was the transformation of E.coli Top 10 cells with plasmids. The 
competent cells were thawed. Each tube contained 100 µL and 50 µL were used per 
transformation. The bacteria were added to the tube that contained the ligation product. It was 
incubated on ice for 10 minutes heat shocked at 42°C for 2 minutes, and cold shocked on ice for 
10 minutes. 500 µL of fresh Luria Broth (LB) was added and incubated on roller drum for 1 hour 
at 37°C. 100 µL of bacteria were spread on a plate with the proper antibiotic (in this experiment, 
Ampicillin plates were used). Plates were incubated overnight at 37°C.  
Plasmid preparation was used in cloning of XIJ. The plasmid preparation kit used was the 
Zyppy Plasmid Prep Kit. First, 1500 µL of the bacterial over-night culture were added to the test 
tube. It was centrifuged at high speed (16,100 rcf) for one minute then the supernatant was 
pipetted out. 600 µL of dH₂O were added and resuspended. 100 µL of Lysis solution were added 
and inverted. 350 µL of yellow buffer were added and inverted. It was centrifuged on high speed 
for 3 minutes. The supernatant was pipetted out and put in columns. It was centrifuged for 30 
seconds. 200 µL of Endo-wash buffer were added and centrifuged for 30 seconds. 400 µL of 
Zyppy Wash buffer were added and centrifuged for 30 seconds. The columns were switched over 
to new tubes. 30 µL of dH₂O were added, sat for 1 minute, and centrifuged for 30 seconds. The 
final step was repeated once.  
Plant DNA extraction for genotyping required extraction buffer, 2 M Tris-Cl (pH 7.0), 5 
M NaCl, 0.5 M EDTA, and 10% SDS. A leaf was taken from the plant and put it in a 1.5 mL 
tube. 400 µL of extraction buffer was added and ground with a blue pestle. It was vortexed for 5 
seconds then centrifuged for 10 minutes on high speed (16,100 rcf). The supernatant (up to 300 
µL) was pipetted out and put in a new tube, same volume of isopropanol was added, and then 
mixed. Mixture sat at room temperature for 15 minutes. It was then centrifuged at high speed for 
10 minutes. The supernatant was discarded and the pellet was washed with 75% Et-OH. It was 
dried and 100 µL dH₂O was added, then it sat for 10 minutes. The mixture was vortexed for 1 
minute and centrifuged for 3 minutes. 1 µL of solution was used for PCR.  
The DNA extracted from the leaves was used for genotyping. The Master Mix was 
created using dH2O, buffer, dNTPs, Taq. Added to this mixture were a forward primer, a reverse 
primer, and the plant DNA. Each sample of DNA was tested with a left primer/right primer, left 
primer/T-LBa-1, right primer/T-LBa-1, and left primer/right primer of a different primer set. The 
T-LBa-1 primer bound near the left border of the T-DNA. This was performed on all 
SALK_048730 (J2), SALK_063159 (J3), and wild-type samples. For example, a sample from J2 
was tested with a J2 left primer/right primer, left primer/T-LBa-1, right primer/T-LBa-1, and J3 
left primer/right primer. The primers used for these experiments are as follows: JT2-LP 
tacactcaaggggtcaggttg, JT2-RP acttcttctggggtgaccatc, JT3-LP ctcaccttgcaaagtggagtc,  JT3-RP 
ctcaacttgcaataaggcctg, and T-LBa-1 tggttcacgtagtgggccatcg.  
Gel Clean-up was performed using the Wizard® SV Gel and PCR Clean-Up System. The 
tube warmer was set at 55°C and the tubes containing the gel slices were put in the warmer until 
gel slices were dissolved. Microcolumns were inserted into the collecting tubes and the dissolved 
gel was added and sat for one minute. It was centrifuged at 16,100 rcf for 1 minute and the flow-
through was discarded. 700 µL of membrane wash solution was added and centrifuged at 16,100 
rcf for 1 minute. The flow-through was discarded and the tube was centrifuged at 16,100 rcf for 
1 minute. The tubes sat for 2 minutes then were transferred to new 1.5 mL tubes. 25 µL of 
nuclease-free water was added. It was incubated at room temperature for 1 minute then 
centrifuged at 16,100 rcf for 1 minute. The columns were discarded and the tubes were frozen at 
-20°C. 
Pollen Germination was used to observe the pollen tubes of Arabidopsis plants. The 
medium was made and the pH needed to be 7.5-8 with less than 2 µL 1M KOH to achieve 
needed pH. The medium consisted of: dH₂O, 1% Boric acid, 1M CaCl₂, 2.5M MgSO4, 500mM 
KCl and 10% sucrose (Boavida and McCormick). 1% low-melting agarose was added. The 
mixture was heated for two 10 second intervals until dissolved. 500 µL of the mixture were 
pipetted on to each slide. Two wildtype flowers were collected from the plants and were spread 
on the slide and sealed in a box with water in order to make a moist environment for the pollen to 
germinate. The boxes were put in the 22°C germination chamber for two hours. The slides were 
then observed under the microscope when the pollen tubes had begun to form. Once the tubes 
had started to grow, still images using DIC and YFP settings were taken. Pictures of the growing 
pollen tubes were recorded using YFP to trace peroxisome movement. Peroxisome speeds were 
manually traced and Openlab software was used to calculate the peroxisome speeds. Videos 
using DIC were taken to measure the rate of growth of the pollen tubes.   
Onion bombardment was performed to observe disbursement of peroxisomes and YFP-
XIJ in wildtype onion cells. The tungsten particles were prepared ahead of time. Preparation of 
the tissues was completed first. The onion was cut into quarters. The youngest (innermost) leaves 
were removed. With the razor blade, strips were sliced parallel to the long axis of the leaf. With 
the forceps, the epidermis was peeled off. The epidermal strip was laid with the outer side facing 
down on the agar. The center of the petridish was covered with strips to the size of a quarter. The 
preparation of the disks was completed next. The particles were vortexed for 20 minutes. 5 µL of 
pAN800 and 1 µL of pAN83 (peroxisome CFP marker) were placed in microfuge tube. 25 µL of 
particles, 2.5 M MgCl2, and 200mM spermidine were added. The mixture was vortexed for 15 
minutes and allowed to settle for one minute. It was spun for 2 seconds and the supernatant (SN) 
was removed. 100 µL of 70% ethanol was added and SN removed. 100 µL of 100% ethanol was 
added and SN removed. 100 µL of 100% ethanol was added and SN removed. 25 µL of 100% 
ethanol was added and vortexed for one minute. The particles were resuspended and 8µL of 
particles were placed on macrocarrier. The ethanol evaporated at 37ºC and the bombardment was 
performed.  
Trizol Isolation of RNA was performed using plant leaves from wildtype and J3 samples. 
100 mg of plant tissue (flowers and buds) was collected from wildtype and J3 plants. The tissue 
was frozen in liquid nitrogen to ground into a fine powder. 100 µL of Trizol was added, thawed, 
and ground more. 500 µL of Trizol was added and mixed well. It sat at room temperature for 5 
minutes. 200 µL of chloroform was added and vortexed for 15 seconds. The mixture was spun 
for 15 minutes at 11,000 rpm at 4ºC. The upper phase was transferred to a fresh tube and an 
equal amount (550 µL) of isopropanol was added. It sat for 10 minutes at room temperature. The 
mixture was spun for 10 miniutes at 11,000 rpm at 4ºC and the supernatant was removed. It was 
washed with 75% ethanol in DEPC water and mixed by vortexing. It was spun fir 5 minutes at 
8,500 rpm at 4ºC and supernatant was removed. The mixture air-dried briefly and the pellet was 
dissolved in DEPC water. Each sample had its RNA concentration measured and a RT-PCR was 
run on a mixture of the sample, oligo-dT, and dNTP using 1STSSIII for 10 minutes. The samples 
were put on ice for ten minutes and a master mix of 5x buffer, DTT, and RTranscriptase was 
added to each tube. The PCR program was restarted and ran for 60 minutes at 60ºC and 15 
minutes at 70ºC. The cDNA was then frozen at -20ºC. 
Results 
Isolating a Knockout 
We began by looking for an XIJ knockout because XIJ has no globular tail so we wanted to 
know what effect a knockout would have on XIJ. We tested two T-DNA lines from the SALK 
Institute (J2 and J3).  We tested these samples with many different primer combinations. Each 
sample of DNA was tested with a left primer/right primer, left primer/T-LBa-1, right primer/T-
LBa-1, and left primer/right primer of a different primer set. The T-LBa-1 primer bound near the 
left border of the T-DNA. 
 
   SpeI    XbaI                Genomic DNA insertion site    BamHI 
 
     
       3 LP  4 LP 
 
         3 RP        4 RP 
 
          Fragment 1      Fragment 2 
Figure 3. XIJ for cloning. Shown above is the XIJ construct. The vertical lines indicate the sites 
where certain enzymes cut the DNA into fragments. The cDNA insetion starts at SpeI. The small 
arrows indicate where primer sets will begin sequencing.  
 
Once the samples were tested with the different primer sets, they were run on a gel to show if 
they contained the insertion or not. When bands showed up on the gel, this is how they were 
interpreted: 
Primer combination WT Heterozygous Homozygous 
Left primer/right primer band band no band 
Right primer/T-LBa-1 primer no band band band 
 
The left primer/right primer combination only amplifies a fragment in the wildtype XIJ gene. 
The right primer/T-LBa-1 primer combination only amplifies a fragment in a sample if it has the 
insertion. This is why wildtype samples have a band for the left/right combination, but not the 
right/T-LBa-1 combination and vice versa.  
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Figure 4. Figure 4 shows the results from the first set of genotyping experiment on the J2 DNA 
samples to confirm or deny the presence of the insert.  
As shown, all 8 of the J2 samples were diagnosed to be wildtype. For each sample, they were 
tested with J2 left primer/right primer, left primer/T-LBa-1, right primer/T-LBa-1, and J3 left 
Sample Primers Used 
1 J2 Left/Right 
2 J2 Left/T-LBa-1 
3 J2 Right/T-LBa-1 
4 J3 Left/Right  
5 J2 Left/Right 
6 J2 Left/T-LBa-1 
7 J2 Right/T-LBa-1 
8 J3 Left/Right 
9 J2 Left/Right 
10 J2 Left/T-LBa-1 
11 J2 Right/T-LBa-1 
12 J3 Left/Right 
13 J2 Left/Right 
14 J2 Left/T-LBa-1 
15 J2 Right/T-LBa-1 
16 J3 Left/Right 
17 J2 Left/Right 
18 J2 Left/T-LBa-1 
19 J2 Right/T-LBa-1 
20 J3 Left/Right 
21-WT2 J2 Left/Right 
22-WT1 J3 Left/Right 
23-WT1 J2 Left/Right 
24-WT1 J2 Right/T-LBa-1 
25-WT1 J2 Left/T-LBa-1 
primer/right primer. Lane 21-25 contained wildtype (WT) samples. Lane 1A shows the length of 
the first fragment and lane 2A shows the length of the second fragment. The full construct 
composed of fragment one and two is shown in Figure 3.  
Genotyping was also performed on 15 samples from the J3 line. Each sample of DNA was tested 
with a left primer/right primer, left primer/T-LBa-1, right primer/T-LBa-1, and left primer/right 
primer of a different primer set. The T-LBa-1 primer bound near the left border of the T-DNA. 
The left primer/right primer combination only amplifies a fragment in the wildtype XIJ gene. 
The right primer/T-LBa-1 primer combination only amplifies a fragment in a sample if it has the 
insertion. This is why wildtype samples have a band for the left/right combination, but not the 
right/T-LBa-1 combination and vice versa.  
 
          L/R       L/T         R/T          
xij-3   
 Wildtype  
 
Figure 5. Figure 5 shows the results from the genotyping of J3 samples to confirm or deny the 
presence of the insert.  
All of the 15 J3 samples were testes and only one sample was homozygous for the insert. This 
gel was run on the J3 line since the J2 line did not have any samples that were homozygous for 
the mutation. The gel results prove that the J3 sample was homozygous for the mutation. 
Since we had a sample from the J3 line that was homozygous for the insertion, we needed to test 
the sample to see if it contained the full-length mRNA of XIJ. To test this, we extracted total 
RNA from Arabidopsis flowers. Reverse Transcriptase was used to produce the cDNA. Three 
primer sets were used: JT4 left/right primer, Rubisco forward/reverse primer, and JT3 left/right 
primer. The JT4 primer set amplifies a region near the 3’ end of the cDNA. The Rubisco primer 
set was used as a control. The JT3 primer set amplifies a region that covers the area where the 
insertion was located in the gene.  
 
 
   
        WT       xij-3 
JT4 LP/RP  
Rubisco F/R  
  JT3 LP/RP  
 
Figure 6. Figure 6 shows the bands for the different primer sets to indicate that the xij-3 sample 
had bands identical to the wildtype sample in spite of testing it with multiple primer sets.  
The band for the sample turned out quite weak due to the poor cDNA sample. The xij-3 band is 
fainter than the wildtype band with every primer set, especially the JT3 primer set, but the band 
is still present.  
 
YFP-XIJ Cloning 
We have successfully created an YFP-labeled XIJ that is expressed with a 35S promoter in 
pBlueScript plasmids. We took that construct and created an YFP-labeled XIJ with a XIJ 
promoter in pBlueScript plasmids. We are now trying to move this newly created construct into a 
binary plasmid so that we can express it in Arabidopsis thaliana plants.  
Onion bombardment was performed to observe the XIJ construct and a peroxisome marker was 
included to prove that the bombardment was successful in wildtype onion cells. The peroxisomes 
were illuminated by the florescence, but the XIJ was extremely faint and appeared to be 
cytoplasmic. This has been seen in the lab previously for another myosin where an onion 
bombardment was performed with 35S: YFP-MYA1. The peroxisomes in the control were 
randomly distributed and tended to be in greater numbers around the nucleus. The image below 
shows the peroxisome marker after the bombardment. The signal for the control was much 
stronger than the YFP-XIJ signal. 
  
These images are from an onion bombardment of a cell containing YFP-labeled XIJ. The first 
image shows the peroxisomes in an onion cell but it is not possible to see the XIJ protein. The 
second image shows the YFP channel so that it the YFP-XIJ can be observed. It is highlighted 
and distinguishable from the peroxisome fluorescence. The final image is a merged photograph 
that shows the peroxisomes and the YFP-labeled XIJ proteins.  
 
  
 
Peroxisome Movements 
Peroxisome movements were observed in the wildtype plants so that the results could be 
compared to the peroxisome movements in the mutant plants. This data will be useful in 
determining whether or not the mutation affects the speed of the peroxisomes. The images below 
show the typical organelle movements in a pollen tube in a wildtype plant. The first image in 
each set shows the YFP-tagged flourescent peroxisomes at the start of the time lapse, the middle 
image shows the superimposed images of the movement of the peroxisomes in a one minute time 
span, and the final image shows the position of the peroxisomes at the end of the time lapse.  
 
  
 
 
 
 
 
 
   
     
 
 
As research with the xij mutant continues, it would be assumed that the mutant would transport 
organelles more slowly than wildtype. The calculated average speed of the peroxisomes was 0.61 
± 0.05 µm/sec and average maximum speed of the peroxisomes was 1.22 ± 0.15 µm/sec. The 
sample size was 20 peroxisomes. The standard error of the mean values have been added. 
 
 
Figure 7. Figure 7 shows the wildtype data for peroxisome speeds in a pollen tube 
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Fertility 
Fertility was observed in the wildtype plants so that it could later be compared to the fertility of 
the mutant plants. This was necessary to see if the mutation made the mutant more fertile or less 
fertile than the wildtype.  
    
Figure 8. Figure 8 shows the number of seeds in wildtype Arabidopsis thaliana plant siliques in 
comparison to the length of the silique.  
 
Pollen Tube Growth Rates 
Pollen tubes were observed in wildtype plants so that the data collected could be compared to 
pollen tube growth rates of the mutant to see if the mutation affects the speed at which pollen 
tubes grow. The calculated average rate of growth was 1.25 ± 0.22 µm/min and the average 
length of those pollen tubes was 61.36 ± 12.53 µm. The sample size was 20 pollen tubes. The 
standard error of the mean values have been added. These images show the steady growth of a 
pollen tube in a wildtype sample. 
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Conclusions/Future Research 
Insertional mutants for most genes in Arabidopsis thaliana are available from the 
Arabidopsis Stock Center. The xij mutation was ordered for the SALK_048730 (J2) and 
SALK_063159 (J3) lines and then those seeds were grown into full plants and the genomic DNA 
was analyzed to see if these lines actually contained the predicted insertional mutations. We can 
assume from the J2 and J3 genotpying as well as the RT-PCR data that we do not have a 
knockout. Since there was an indication of the presence of a protein, we can reason that we do 
not have a knockout. However, to be sure, the xij-3 transcript will have to be tested further by 
sequencing to see if there are any mutations. 
The fertility of wildtype plants was observed and recorded so that it could be compared to 
the fertility of the plants with the mutation once the mutant plants form siliques. Since XIJ is 
present in pollen and pollen tubes, it was assumed that a mutation would affect the rate of pollen 
tube growth or would inhibit the activity of the pollen since the mutation is rather large and is 
inserted in a central location in the gene. The mutation took longer than expected to isolate so 
there is only wildtype data available at this time, but further research allows for pollen tube 
growth rates to be observed in the mutant as well. Much like the predictions for how a mutation 
would affect pollen tube growth, it is also assumed that an insertional mutation would cause 
organelle transport to be slower in the plants with the xij mutation. 
We have successfully created an YFP-labeled XIJ that is expressed with a 35S promoter 
in pBlueScript plasmids. We took that construct and created an YFP-labeled XIJ with a XIJ 
promoter in pBlueScript plasmids. We are now trying to move this newly created construct into a 
binary plasmid so that we can express it in Arabidopsis plants.  
These experiments indicate that it is possible to obtain homozygous mutants in XIJ 
myosin without destroying the pollen itself. Also, it might cause a slight reduction in the 
phenotype from wildtype. These are still preliminary conclusions that will need to be tested by 
observing fertility, organelle transport, and pollen tube growth rates in a plant that is 
homozygous for the xij mutation.  
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